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Introduction: Information on self-reported health (SRH) with a simple question on “How do 
you rate your health?” provides sufficient information to be a reasonable proxy of health. 
Socioeconomic inequalities in health are often monitored via SRH. Individuals with better 
socioeconomic status (SES) more likely to rate their SRH as good. The part of the effect of 
SES (income level and education) operates through lifestyle factors along with the physical 
environment, social environment, social support, and psychological (cognitive, emotional, 
and social capabilities) development. The extent of the mediation on the relation between SES 
and SRH with the individual lifestyle factor’s impact will provide more insights into the 
relationship between SES and SRH through lifestyle factors.  
Material and methods: Data were extracted from the Norwegian Women and Cancer Study 
(NOWAC). After the inclusion/exclusion criteria, 53,941 participants were included in the 
analytical study sample. The descriptive statistics were presented for different education and 
income levels, using percentages, mean and standard deviation, and chi-square tests to test the 
difference. Logistic regression was used to establish the association between SES and SRH 
and reported with Odds Ratios (ORs) with 95% confidence interval (CI) using the statistical 
software SPSS, version 26.  Mediation analysis was performed using the Medflex package in 
R applying a counterfactual approach, which was reported with ORs with 95% bootstrap CI 
along with the proportion of mediation. 
Results: The odds of reporting poor SRH were nearly half with a higher household income 
level compared to the lowest household income level. Furthermore, in the highest income 
level, the odds of poor SRH were lowered by 80% compared to the lowest household income 
level. The odds of reporting poor SRH with a high level of education compared to the lowest 
education level were about 35% less. With the highest education level, the odds of reporting 
poor SRH were 53% less compared to the lowest education group.  
About 20% of the association between income level and SRH was identified to go through an 
indirect path via lifestyle factors (smoking, body mass index (BMI), physical activity (PA)), 
whereas this was 20%-30% when investigating the model with education. Smoking and BMI 
contributed more to the indirect effect in the model with education, where PA contributed 




by BMI and smoking. The proportion of mediation by all the lifestyle factors (smoking, BMI, 
and PA) on the association between income level and SRH was statistically significant and 
quite similar across different income levels. There was an increasing gradient in the 
proportion of mediation across increasing education levels in the model with education and 
lifestyle factors (smoking, BMI, and PA). 
Conclusion: SES (education and income level) had a prominent and statistically significant 
effect on SRH. Better SRH was observed with both higher income levels and years of 
education. Household income level shows a more prominent effect than years of education on 
differentiating across groups of SES. Each lifestyle factors (smoking, BMI, and PA) 
individually and jointly mediated the association between SES and SRH. Any interventions 
focusing on improving the healthy lifestyle of the population should comprehend the impact 
of SES.  
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1 Introduction 
Self-rated health (SRH) is a global health quality of life measure that has been extensively 
used in medical and public health research, exploring different aspects of health (1-3). Being a 
part of the population survey, SRH needs to have reliability and validity to be used as a 
reasonable estimate of the population’s health status. Due to its ease of collection and 
independent predictor of mortality and morbidities (1, 4), SRH serves as a proxy for health 
status (5, 6). Self-rated health correlates with other health scales, such as the Sickness Impact 
Profile and the Perceived Well-Being Scale, which indicates a high degree of construct 
validity (7). It is challenging to identify the reference that patients and individuals have in 
their minds while answering SRH. This may include illness, physical functioning, or 
behaviors and bring us to a broader construct and gaze of the SRH. People rate their health on 
a very poor scale to very good, which may vary across different populations, so countries may 
not be comparable, especially in developing and developed countries due to cross-cultural 
differences (8). A study supports the construct validity of SRH in developing countries like 
India to approve SRH as a measure to monitor population health (9). Likewise, SRH is a well-
established measure in developed nations to monitor population health. However, despite the 
use in different country settings, we must be aware of the direct comparability as they may 
capture health differently and have cross-cultural differences. SRH can serve as a reasonable 
proxy for health in community-based health and population-level health. It can prioritize the 
public decision policy and disparities in cases where we often lack individualized health data 
(10). The need to understand the population perception of health by medical society is 
highlighted by Fylkesnes & Førde as a way of discussing predictors of SRH in the Tromso 
study (11). The use of SRH as a health measure while discussing the socioeconomic 
inequalities in health in Norway’s public health report demonstrates that SRH is an accepted 
measure of proxy of objective health status in Norway (12).  
1.1 Aspects of SRH 
SRH is more of an individual perception of health, which can be viewed as physical health 
and mental health. Both physical and mental health conditions have their individual and 
collective impact while individuals assess their SRH (13). 
1.1.1 Physical health 
An individual would be likely to rate poor SRH if they have certain disease conditions. Most 
studies show that having multiple diseases and functional limitations are associated with 
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poorer SRH (8, 14). Diabetes mellitus, cancer,  heart disease, emphysema, hypertension,  
stroke, and arthritis; in a study to decompose the association of these chronic conditions to 
SRH by age, these chronic conditions were significant in all age group categories (15). Also, 
activity limitation of any kind is associated with poorer SRH (15).  
1.1.2 Mental health 
Following the construct of health itself, the mental health aspect is of equal importance as 
physical health in shaping health in an individual (13, 16). A linear improvement was 
observed in overall composite mental health attributes in a community-based study (17). 
Happiness Subscale and Reverse-coded Anxiety Scale and Depression Scale showed a linear 
relationship but inverted U-shaped pattern for the 36-Item Short Form Survey (SF-36) mental 
composite (17). Similarly, U-shaped relationships increasing with age and then a subtle 
decline after the 60s are seen in a prospective study looking at social inequality in health (18). 
With old age around 74 and over, mental health’s impact on perceiving SRH is slightly more 
than functional limitations and chronic conditions (16).  
The impact of physical and mental health plays a different role during the life process, where 
mental health becomes more prominent with age (17). Physical conditions are strongly related 
to perceived health, along with lifestyles and socioeconomic factors (7). 
1.2 Predictors of self-rated health 
In a study to assess self-rated global health in the general Norwegian population, better global 
health was associated with higher education, being employed, and living with a spouse or 
partner (2). SRH has been used extensively to study health and inequalities between men and 
women (19, 20). In change over time in the status of SRH, compositional variables such as 
age, sex, and education turned out to be significantly related to SRH (21). 
1.2.1 Socioeconomic factors 
Socioeconomic status(SES) is a measure of one’s access to collectively desired resources and 
is a fundamental construct in the social and health sciences (22). SES is abundantly used in 
quantifying social inequalities. SES can be measured as univariate measurements such as 
education, income, occupation, wealth, poverty, and area-level measure also as composite 
measures such as Duncan Socioeconomic Index & Nam-Powers Occupational Status Score, 
Household prestige scale, CAPSES, Cambridge scale (22). Education, income level, and 
occupation status are the most common SES proxies.  
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Different indicators of SES such as education, income, and occupation may be embedded and 
operating within key domains such as (a) physical environment in which one lives and works 
and associated exposure to pathogens, carcinogens, and other environmental hazards; (b) the 
social environment and associated vulnerability to interpersonal aggression and violence as 
well as the degree of access to social resources and supports;(c) socialization and experiences 
that influence psychological development and ongoing mood, affect, and cognition; and (d) 
health behaviors(23). Similarly by Adler and Ostrove on SES health model of pathways by 
which SES influence health focused on (a) environmental resource and constraints with the 
external environment, social environment, and resources (b) psychological constraint with 
effect and cognition developing into exposure to carcinogen and pathogen, (c) preference of 
health-relevant behaviors along with (d) the central nervous system and endocrine to shape 
health and illness (24). 
Many studies investigating the constructs and predictors of SRH have found that the socio-
demographic factors are crucial in shaping SRH (25, 26). Age is one of the significant 
predictors, where people tend to report poor SRH with the increase in their age (25, 27-29). 
At the same time, education is a crucial aspect of primary health-related outcomes and has a 
significant association with SRH. Studies show, with a higher level of education, individuals 
report good SRH (25, 29, 30). Furthermore, higher-income is also associated with good SRH 
(20). The Whitehall study of British civil servants showed physical health deteriorated more 
rapidly for men and women from lower occupational grades. However, mental health 
improved with age; the improvement rate was slower for men and women in lower gradient 
(18). In Norway, educational differences in general and mental health were observed, with a 
larger gradient for general than mental health(31).  The socioeconomic factors and their 
impact tend to accumulate over time, so a higher impact of socioeconomic factors can be seen 
in the elderly population (15). Apart from that, social ties and family life also plays a role in 
shaping individual SRH. 
1.2.2 Lifestyle factors 
Lifestyle factors are modifiable habits and ways of life that can influence overall health and 
well-being. Alameda county study on health practices showed never smoking, drinking less 
than five drinks at one sitting, sleeping 7-8 hours a night, exercising, maintaining desirable 
weight for height, eating breakfast regularly, and avoiding snacks, were predictors of good 
health (32). Different lifestyle factors have different impacts in our health. A systematic 
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review with meta-analysis with smoking, obesity, exercise, diet, and drinking alcohol as 
lifestyle factors showed the number of healthy lifestyle behaviors people adopt is inversely 
related to the risk of all-cause mortality. Adherence to a healthy lifestyle leads to better health 
and the other way around with unhealthy lifestyle choices. In general, smoking is a significant 
risk factor in cardiovascular diseases, cancer, and respiratory diseases (33, 34). In a Swedish 
study, no smoking and vegetables in the diet were significantly associated with good SRH; 
obesity and underweight in young adults associated with poor SRH when adjusted for health 
problems (35). Maintaining moderate/high physical activity (PA) levels decreases the risk of 
cardiovascular disease (CVD) and several cancers (36), as shown by a systematic review (37), 
and physical activity holds an association with SRH (7).  
Poor lifestyle habits and behavior will have certain and defined effects on an individual’s 
health. Still, it may not be reflected with SRH as the construct and reporting SRH allows a 
wider gaze than medical problems and health behaviors. Individuals may have comparative 
health assessments among peers; for instance, despite having some issues, one may rate their 
health as good SRH.  
1.3 Socioeconomic status and lifestyle choices 
We are aware that people tend to make their lifestyle choices depending on their education 
and income. Studies show that higher SES is associated with healthy lifestyle choices such as 
reduced smoking, higher physical activity levels, and consciousness about their health (38). In 
a literature review, low SES in adolescence was associated with poorer diets, less physical 
activity, and higher cigarette smoking (39). A study on health-related behaviors in older 
adults showed multiple health risk behaviors were less common among individuals with 
higher SES (40). Poor adult health behaviors and psychological characteristics were more 
prevalent among men whose parents were poor, which shows childhood conditions reflect life 
course development of SES impact (41).   
A study from China assessing social capital and health found that lifestyle factors fairly 
mediated the relationship between social trust and social relationships and health (42). Also, 
these lifestyle choices play roles in determining the overall health of an individual. People 
report their health as poor if they have unhealthy choices such as smoking, drinking, less PA 
(7, 35, 37). Cockerham’s seminal work on assessing health and lifestyle’s pathways highlights 
the important role of class circumstances, in general, SES, on shaping lifestyle behaviors (43). 
This then brings to the need for accounting for the association between SES and lifestyle 
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while examining the relationship between SES and SRH. With higher SES, better lifestyle 
behaviors are observed. This provides ample evidence to support the role of lifestyle factors 
in mediating the relationship between SES and SRH.  Despite the widespread use of SRH in 
health research, most of the literature is based on a cross-sectional study (44-46), which 
imposes reverse causality. Is the poor SRH due to an unhealthy lifestyle or poor SRH 
resulting in these unhealthy lifestyles? A significant issue of temporality is persisting in 
studies related to SRH.  
1.4 Research Question 
• What is the relationship between SES and SRH in a Norwegian cohort of women?  
• To what extent do lifestyle factors mediate this relationship? 
1.5 Aims 
• To examine the association between SES (education and household income) and SRH.   
• To examine the mediation effect of all lifestyle factors (smoking, PA, and BMI) 
independently and jointly on the association between SRH and household 
income/education as a proxy of SES. 
1.6 Mediation 
A mediator is a variable that accounts for a certain extent of the relationship between 
predictors and outcome. Traditional approaches to mediation analysis stretch back to the 








     
    
Independent variable (SES) 
 
  Dependent variable (SRH) 
Figure 1 Path diagram to mediation analysis. 
 
The causal chain involved in the mediation of our study is diagrammed in Figure 1. This 
model has two causal paths that are feeding into the outcome variable (SRH): the direct 
impact of the independent variable (SES) (Path c) and the impact of the mediators (Lifestyle 
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(Lifestyle factors) (Path a). Direct effect estimate results from direct impact via (Path c), 
indirect effect estimate is the product of the coefficients of (Path a) and (Path b). 
There are certain conditions to be fulfilled to prove mediation, (a) Variations in levels of the 
independent variable significantly account for variations in the presumed mediator (Path a), 
(b) Variations in the mediator significantly account for variations in the dependent variable 
(Path b), (c) When both the paths mentioned above are controlled, a previously significant 
relation between the independent and dependent variables is no longer significant (Path c), 
with the strongest demonstration of mediation occurring when the regression coefficient is 
zero if not zero then this indicates the operation of multiple mediating factors(47). Baron and 
Kenny suggested providing an approximate significance test (Sobel method) for direct and 
indirect effects. The Sobel method uses the regression coefficient of the independent variable 
and the dependent variable and the coefficient describing the relationship between the 
mediating variable and the dependent variable after controlling for or taking into account the 
effect of the independent variable on the dependent variable and standard errors with those 
regression coefficients (48).   
Baron and Kenny’s procedure had limitations as they had a conservative approach that could 
not incorporate the wider dimension of variables such as binary variables that are used 
frequently. Their approach is only justified for continuous variables and linear settings. 
Different extensions, such as the popular Hayes approach to mediation, added the flexibility 
of having a binary outcome and exposure but demanded a continuous mediator (49). With the 
application of path analysis with Causal flow diagrams, the so-called difference and product 
of coefficient methods came into practice, which is more prevalent in literature. These 
methods are equivalent and justified when both the models for outcome and mediator are 
linear and with no interaction. They differ and raise validity concerns when one or both of 
these models are non-linear (50).  
1.6.1 Counterfactual outcomes and effect decomposition 
A potential outcome is an outcome that would be observed if the individual received a 
specific value of the treatment. One can generally observe only one, but not both, of the two 
potential outcomes for each particular individual. The unobserved outcome is called the 
counterfactual outcome (51). The counterfactual framework provides the opportunity to 
decompose the total causal effect into the natural direct and natural indirect effect irrespective 
of the effect’s data distribution or scale. Randomization provides greater strength to 
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Randomized Controlled Trial (RCT); however, in observational and social science, lack of 
randomization brings up a solution via counterfactual framework (52). In this current study, 
the Medflex package is used as this package was developed to cover the limitation of existing 
packages that dealt with mediation analysis (53). With the imputation-based approach, 
Medflex can virtually deal with any variable as it does not require a mediator model 
specification and is based on an appropriate model for the outcome mean. 
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2 Materials and Methods 
2.1 The Norwegian Women and Cancer Study (NOWAC) 
The Norwegian Women and Cancer (NOWAC) study is a nationwide cohort, initially set up 
to examine breast cancer risk with oral contraceptive use (54).  The cohort is described in 
detail in Lund et al. (2008) (ref51), but a brief overview is given here. The series of 
questionnaires are grouped into three mailings. In the first mailing, 179,387 women were sent 
a letter of invitation in the period from 1991 to 1997, of which 102,540 (57.2%) responded. 
Cohort expansion was done between 2003 to 2006, where additional 130,577 women were 
invited with a response rate of (48.4%) (63,282). A second mailing (first follow-up) was 
performed from 1998 to 2002 to update the exposure information for women enrolled from 
1991 to 1997 and in 2011 to update exposure information for women enrolled during 2003. 
During 2003 – 2005, the third mailing (second follow up) was done for women enrolled in 
1991-1995; flowchart on the mailings and follow up from cohort profile is in appendix 1. The 
NOWAC cohort has collected data on various lifestyle factors, diet, self-reported illness, 
social background, smoking, physical activity, and information regarding reproductive health 
through a questionnaire with informed consent. The NOWAC cohort is linked with the 
Cancer Registry of Norway for cancer information.   
2.2 Study sample  
This study’s data includes the baseline of the first and second waves of NOWAC 1991-1997 
and 2003-2005, with the first follow-up in 1997-2002 and 2011, which gave a today study 
sample of 101,316. Individuals should have answered the question regarding SRH at baseline 
and follow-up questionnaires; this led to the loss of 36,086 participants and resulted in a 
remaining of 65,230 participants, as shown in the flowchart below (figure 2). At baseline, 
good SRH was the inclusion criteria, which led to an additional loss of 4794 participants and 
resulted in 60,436 participants in the study. Women with missing information on any variable 
were excluded for complete case analysis, which brought to a final study sample of 53,941 
participants (figure 2). 
  
 

























2.3.1 Outcome  
The dependent variable SRH is framed as “How would you rate your current state of health” 
with four levels as an option “very good,” “good,” "poor,” “very poor.” 
2.3.2  Exposure 
Household income 
First mailing Questionnaire           
(1991-1997, 2003-2005)      
Second mailing up Questionnaire 
(1998-2003, 2011)     





With information both on 
baseline and follow up 
SRH 
Good SRH at 
baseline 
All cases, no 
missing 
Figure 2 Flow diagram for study population. 
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Data on household gross annual income is collected in NOWAC. It has categorical options as 
less than 150000kr, 151000-300000kr, 301000-450000kr, 451000-600000, more than 
600000kr. 
Education  
Years of education information are collected from the baseline questionnaire. Information on 
years of education is collected. 
2.3.3 Lifestyle factors 
Smoking 
Information on smoking status is collected via two questions; “Have you ever smoked?” and 
“Do you smoke currently?”   
Physical activity 
NOWAC inquiries about PA on a scale of 1 to 10, very low to very high, respectively. 
BMI 
NOWAC collects information on self-reported height (cm) and weight (kg).  BMI was 
calculated  using relation BMI = weight (kg)/height (m)2.  
2.3.4 Other factors 
Age 
The age of the individual was calculated from the birth year and date of answering the first 
questionnaire. The birth year is obtained from the Norwegian Central Person Register.  
Marital status 
Information regarding marital status was collected as a married, cohabitant, and living alone.  
2.4 Statistical analysis 
The outcome SRH is dichotomized into two groups, “good” by combining “very good” and 
“good” and “poor” by combining “poor” and “very poor.” In NOWAC, some questionnaires 
of SRH were constructed by self-rated physical health and self-rated mental health separately 
instead of overall SRH. A new variable for SRH was constructed by merging good and very 
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good of both physical and mental health and merged into the SRH variable.  For education, 
information on total years of education is divided into four categories, less than nine years, 9 
to 12 years, 13 to 16 years, and more than or equals to 17 years. Household income levels 
were used as collected without recoding. Regarding smoking status, based on the questions 
“Have you ever smoked?” and “Do you smoke currently?” with binary response yes/no, we 
created categories for current, former, and never-smokers. PA is recoded by combing 1, 2, 
and 3 for low, 4, 5, 6, and 7 for moderate, 8, 9, and 10 for high physical activity levels. BMI 
is modeled as a categorical variable by creating levels as underweight (less than 19.9 kg/m2, 
normal weight (20-24.9 kg/m2), overweight (25-29.9 kg/m2), and obese (≥30 kg/m2). Marital 
status was dichotomized by combining married and cohabitant as living together and living 
alone. Age is the only continuous variable in our model. 
Cross tabulations of baseline distribution of lifestyle factors (BMI, smoking status, and 
physical activity), age, and marital status by education level and household income were 
performed. The frequency distributions between groups were tested using the chi-square test 
and spearman correlation. Three logistic models, the first model with age, the second model 
with the socioeconomic status, and the third model with age, mediators (BMI, smoking status, 
and PA), and SES are analyzed in the model with SES as education. Whereas in the model 
with income level as SES, additional adjustment with marital status was performed will all the 
logistic models.  The analysis was done using the statistical software SPSS 26. 
Additionally, the counterfactual framework was used to analyze the natural direct effect 
(NDE) and natural indirect effect (NIE) for each SES proxy (i.e., education and household 
income) with lifestyle factors as mediators adjusting for age and marital status. The details on 
the calculation and estimation of NDE and NIE is in appendix 2. Estimation of natural direct 
and indirect effects with bootstrap 95% CI was performed using the Medflex package in the R 
3.6.3 version. The mediated proportion was calculated using the relation: 
Mediated proportion (%) =  
𝑁𝐼𝐸
𝑇𝐸
 * 100% 
Where total effect (TE) = NIE +NDE 
Sequential addition of lifestyle factors, smoking, BMI, and PA was done on the mediation 
model to quantify the individual impact of lifestyle factors.           
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2.5 Ethical perspectives  
NOWAC has received approval from The Regional Committee for Medical Research Ethics 
(REK) to collect and store questionnaire information (32). For this study, data was provided 
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3 Result  
3.1 Baseline characteristics of the study population 
The cohort of 53941 women had a mean age of 51years (range 41-71) (table 1). Furthermore, 
table 1 shows that the proportion of never, former and current smokers were 38%, 34.9%, and 
27.1%, respectively. The majority of women were in the normal BMI category (55%), 
whereas the underweight, overweight, and obese proportion was 6.3%, 29.4%, and 8.8%, 
respectively. Similarly, a greater proportion (73.4%) of women had a moderate PA level, with 
11.8% having low PA levels and 14.8% with high PA levels. The proportion of married or 
cohabitant women was considerably high (82.4%) (Table 1). 
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Table 1 Baseline characteristics of the study population from the Norwegian Women and Cancer Study 
Baseline characteristics (N = 53941) 
 Number Percentage 
     
Age   
Mean (sd) 51.08 6.01 
   
Educationa  
≤9 11508 21.3 
10 to 12 18371 34.1 
13 to 16 15931 29.5 
≥17 8131 15.1 
   
Household incomec   
 <150000 3643 6.8 
151000-300000 14939 27.7 
301000-450000 15357 28.5 
451000-600000 11824 21.9 
>600000 8178 15.2 
   
Marital status  
Married or cohabitant 44442 82.4 
Alone 9499 17.6 
   
Smoking   
Never 20476 38 
Former 18839 34.9 
Current 14626 27.1 
   
Body mass index  
Under weight (<20 kg/m2) 3406 6.3 
Normal (20 kg/m2-24.9 kg/m2) 29913 55.5 
Overweight (25 kg/m2-30 kg/m2) 15879 29.4 
Obese (>30 kg/m2) 4743 8.8 
   
Physical activityb  
Low 6351 11.8 
Moderate 39614 73.4 
High 7976 14.8 
aYears of education.                                                                                                                                                 
bMeasured physical activity on a scale from 1-10, low (≤3), medium (4-7), high (≥8).                                                                                                              
cGross income per household in Norwegian kroner. 
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3.2 Distribution of baseline characteristics across SES 
indicator 
3.2.1 Education as SES 
Table 2 shows the distribution of variables across the education categories. Across different 
education categories ≤9, 10 to 12, 13 to 16, ≥17, the proportion of women was 21.3%, 34.1%, 
29.5%, 15.1%, respectively. With the increasing level of education, the proportion of never 
and former smokers increased, whereas, with current smokers, it was the opposite. Similarly, 
for BMI categories, the proportion of women in underweight and normal BMI increased, 
whereas overweight and obese individuals were decreasing with an increase in education 
levels. The highest proportion of low and high PA levels was observed in the lowest 
education group, and the proportion was decreasing with increasing education levels. There 
was no pattern of increase or decrease with different education levels for moderate PA levels 
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Table 2 Distribution of study variable according to education groups from the Norwegian Women and Cancer 
Study 
  Education levelsa (N (%))    
  ≤9 10 to 12 13 to 16 ≥17 p value 
Total (n) 11508 18371 15931 8131  




50.81 (5.81) 50.15(5.34) 49.97(5.17) 
      
Smoking     <0.001
c 
Never 3629(31.5) 6163(33.5) 6801(42.7) 3883(47.8) 
Former 3656(31.8) 6434(35.0) 5700(35.8) 3049(37.5) 
Current 4223(36.7) 5774(31.4) 3430(21.8) 1199(14.7) 
      
Body mass indexd     <0.001
e 
Under weight (<20) 591(5.1) 1032(5.6) 1694(6.9) 689(8.5)  
Normal (20-24.9) 5556(48.3) 10043(54.7) 9295(58.3) 5019(61.7) 
Overweight (25-30) 3967(34.5) 5601(30.5) 4386(27.5) 1925(23.7) 
Obese (>30) 1394(12.1) 1695(9.2) 1156(7.3) 498(6.1)  
      
Physical activityb    <0.001
e 
Low 1671(14.8) 2167(11.8) 1622(10.2) 891(11.0)  
Moderate 7970(69.3) 13689(74.5) 11980(75.2) 5975(73.5) 
High 1867(16.2) 2515(13.7) 2329(14.6) 1265(15.6) 
      




9526(82.8) 15413(83.9) 13123(82.4) 6380(78.5) 
Alone 1982(17.2) 2958(16.1) 2808(17.8) 1751(21.8) 
aYears of education.                                                                                                                                                 
bMeasured physical activity on a scale from 1-10, low (≤3), medium (4-7), high (≥8).                                                                                                                                                                                                                                                                      
cThe chi-square test statistics, significant at the 5% level.                                                                                                                                            
dBody mass index unit kg/m2.                                                                                                                                                                                                                    
eSpearman correlation significant at 5% level. 
 
3.2.2 Household income as SES 
The distribution of lifestyle factors across different household income level is shown in table 
3. The proportion of women across different income categories ie ≤1500000, 151000 to 
300000, 301000 to 450000, 451000 to 600000 and >600000 was 6.8%, 27.7%, 28.5%, 21.9% 
and 15.2% respectively. The trend of smoking across the groups of income was similar to 
education levels, with a higher proportion of never and former smokers, while current 
smokers decreased with the increase in income levels. The proportion of obese and 
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overweight women decreased with an increase in income levels, whereas for those in the 
normal BMI group, the proportion increased with increasing income levels, while no trend 
was observed for those in the underweight BMI group. The lower proportion of low PA levels 
was observed in higher income levels, whereas in the high PA category, a similar proportion 
was observed except for the highest income level. Distinct effect of being married or 
cohabitant on having a higher income is seen as more than 95% of women were cohabitant or 
married who were in the higher-income category whereas in the lower-income category (≤ 
150000) the proportion was quite similar with married or cohabitant and living alone with 
49.0% and 51.0% respectively and shifted in more proportion of married and cohabitant with 
increasing income level. 
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Table 3 Distribution of study variables according to household income levels from the Norwegian Women and 
Cancer Study 









≥600000 p value 
Total (n) 3643 14939 15357 11824 8178  
Age (years)      
Mean (sd) 55.45(7.85) 51.96(6.61) 50.46(5.51) 49.78(5.05) 50.56(4.84) 
       
Smoking      <0.001
c 
Never 1293(35.5) 5431(36.4) 5807(37.8) 4508(38.8) 3357(41.0) 
Former 1005(27.6) 4686(31.4) 5234(34.1) 4452(37.7) 3462(42.3) 
Current 1345(36.9) 4822(32.3) 4316(28.1) 2784(23.5) 1359(16.6) 
       
Body mass indexd     <0.001
e 
Under weight (<20) 260(7.1) 957(6.4) 914(6.0) 720(6.1) 555(6.8)  
Normal (20-24.9) 1653(45.4) 7763(52.0) 8436(54.9) 6939(58.7) 5122(62.6) 
Overweight (25-30) 1254(34.4) 4625(31.0) 4619(30.1) 3333(28.2) 2048(25.0) 
Obese (>30) 476(13.1) 1594(10.7) 1388(9.0) 832(7.0) 453(5.5)  
       
Physical activityb     <0.001
e 
Low 752(20.6) 1981(13.3) 1674(10.9) 1212(10.3) 732(9.0)  
Moderate 2363(64.9) 10780(72.2) 11533(75.1) 8916(75.4) 6022(73.6) 
High 528(14.5) 2178(14.6) 2150(14.0) 1696(14.3) 1424(17.4) 
       




1784(49.0) 9374(62.7) 13729(89.4) 111488(97.2) 8067(98.6) 
Alone 1859(51.0) 5565(37.3) 1628(10.6) 336(2.8) 111(1.4)   
aGross income per household in NOK.                                                                                                                                                           
bMeasured physical activity on a scale from 1-10, low (≤3), medium (4-7), high (≥8).                                                                                                                                                                                                                                                                      
cThe chi-square test statistics, significant at the 5% level.                                                                                                                                            
dBody mass index unit kg/m2.                                                                                                                                                                  
eSpearman correlation significant at 5% level. 
  
3.3 Logistic regression analysis 
3.3.1 Education as an indicator of socioeconomic status 
All education levels effect estimates were significant in the baseline model with adjustment 
for age and marital status. The odds of having poor SRH was 0.65 (95% CI 0.60 to 0.70) for 
education level 10 to 12 years, 0.47 (95% CI 0.43 to 0.52) for education level 13 to 16 years, 
0.46 (95% CI 0.41 to 0.51) for education level ≥17 years compared to education level less 
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than nine years. With the addition of lifestyle factors, the odds increased for all education 
levels, 0.70 (95% CI 0.64 to 0.76), 0.55 (95% CI 0.50 to 0.61), 0.56 (95% CI 0.50 to 0.63) for 
education levels 10 to 12, 13 to 16, and ≥17, respectively (Table 4). 
Table 4 Odds ratios (ORs) and  95% confidence interval for poor self-reported health across different education 
levels in the baseline and final model from the Norwegian Women and Cancer Study 
  
Baseline model               
OR (95% CI) 
Final  model                         
OR (95% CI) 
Education levelsa  
≤9 1 1 
10 to 12 0.65 (0.60 to 0.70) 0.70 (0.64 to 0.76) 
13 to 16 0.47 (0.43 to 0.52) 0.55 (0.50 to 0.61) 
≥17 0.46 (0.41 to 0.51) 0.56 (0.50 to 0.63) 
   
Smoking status  
Never  1 
Former  1.14 (1.05 to 1.23) 
Current  1.57 (1.45 to 1.71) 
   
Physical activityb  
Low  1 
Moderate 0.34 (0.32 to 0.37) 
high  0.23 (0.20 to 0.26) 
   
Body mass indexc  
Normal (20 – 24.9) 1 
Underweight (<20) 1.34 (1.17 to 1.53) 
Overweight (25 - 30) 1.35 (1.25 to 1.40) 
Obese (>30) 2.31 (2.10 to 2.54) 
aYears of education.                                                                                                                                           
bMeasured physical activity on a scale from 1-10, low (≤3), medium (4-7), high (≥8).                                                                                
cBody mass index unit kg/m2.                                                                                                                                                                                                                                                                  
Both models adjusted for age.     
3.3.2 Household income as an indicator of socioeconomic status 
The odds for having poor SRH was 0.51 (95% CI 0.46 to 0.57), 0.31 (95% CI 0.32 to 0.40), 
0.26 (95% CI 0.23 to 0.29), 0.20 (95% CI 0.17 to 0.23) for household income levels 151000 
to 300000, 301000 to 450000, 451000 to 600000 and >600000 respectively compared to 
income less than 150000 adjusted for age and marital status. With introduction of lifestyle 
factors the odds increased to 0.57 (95% CI 0.52 to 0.64), 0.43 (95% CI 0.38 to 0.48), 0.32 
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(95% CI 0.28 to 0.37) and 0.27 (95% CI 0.23 to 0.32) for 151000 to 300000, 301000 to 
450000, 451000 to 600000 and >600000 respectively (Table 5). 
Table 5 Odds ratios (ORs) and  95% confidence interval for poor self-reported health across different household 
income levels in the baseline and final model from the Norwegian Women and Cancer Study 
  
Baseline model                 
OR (95% CI) 
final  model                 
OR (95% CI) 
Household income levelsa  
≤150000 1 1 
151000-300000 0.51 (0.46 to 0.57) 0.57 (0.52 to 0.64) 
301000-450000 0.36 (0.32 to 0.40) 0.43 (0.38 to 0.48) 
451000-600000 0.26 (0.23 to 0.29) 0.32 (0.28 to 0.37) 
600000+ 0.20 (0.17 to 0.23) 0.27 (0.23 to 0.32) 
   
Smoking statusd   
Never  1 
Former  1.19 (1.09 to 1.29) 
Current  1.62 (1.49 to 1.75) 
   
Physical activityb   
Low  1 
Moderate  0.35 (0.33 to 0.38) 
High  0.24 (0.21 to 0.27) 
   
Body mass indexc   
Normal (20 - 24.9)  1 
Underweight (<20)  1.29 (1.13 to 1.48) 
Overweight (25 - 30)  1.34 (1.24 to 1.44) 
Obese (>30)   2.23 (2.05 to 2.49) 
aGross income per household in Norwegian Kroner.                                                                                                                     
bMeasured physical activity on a scale from 1-10, low (≤3), medium (4-7), high (≥8).                                                                               
cBody mass index unit kg/m2.                                                                                                                                                                                                                                                                     
Both models adjusted for age and marital status.                                                                                                                                                                                                                                                       
          
3.4 Mediation analysis 
3.4.1 Education as an indicator of socioeconomic status 
The proportion mediated by smoking was 7.80%, 11.47%, and 15.08% for education levels 
10 to 12, 13 to 16, and ≥17, respectively, adjusted for age. With BMI and smoking in the 
model, the proportion mediated due to smoking and BMI was 18.67%, 22.49%, and 30.75% 
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across different education levels adjusted for age. The change in proportion accounted for 
BMI was 10.87%, 11.02%, and 15.07% across different education levels.  
For all three mediators, there was an increasing gradient in the proportion of mediation with 
values 20.09%, 24.05%, 28.92% across different education levels Change in proportion 
accounted for PA was 2.27%, 2.45%, and -0.88% across different education levels. For 
education levels, 10 to 12, the OR for NDE, NIE, and TE was 0.71 (95% CI 0.65-0.77), 0.91 
(95% CI 0.89-0.93), and 0.65 (95% CI 0.60-0.70), respectively, adjusted for age. The OR for 
NDE, NIE, and TE were 0.57(95% CI 0.52-0.63), 0.83 (95% CI 0.81-0.85), and 0.48 (95% CI 
0.44-0.52) for education level 13 to 16 and 0.59 (95% CI 0.53-0.66), 0.79 (95% CI 0.77-
0.82), and 0.48 (95% CI 0.42-0.52) for education ≥17.  
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Table 6 ORs for NDE, NIE and TE; proportion mediated and change in proportion mediated for different education 
levels on SRH mediated by lifestyle factors (smoking, BMI, and PA) with bootstrap 95% confidence interval from 










Smoking      
 Ref (<9)     
 9 to 12 NDE 0.67 (0.62 to 0.73) 7.80 (8.18 to 7.62)  
  NIE 0.96 (0.95 to 0.97)   
  TE 0.65 (0.60 to 0.71)   
 13 to 16 NDE 0.52 (0.48 to 0.57) 11.47 (12.10 to 10.74)  
  NIE 0.91 (0.90 to 0.93)   
  TE 0.48 (0.44 to 0.52)   
 17 + NDE 0.53 (0.47 to 0.59) 15.68 (16.12 to 12.29)  
  NIE 0.88 (0.87 to 0.90)   
  TE 0.47 (0.42 to 0.53)   
Smoking and 
BMI      
 Ref (<9)     
 9 to 12 NDE 0.70 (0.65 to 0.76) 18.67 (18.24 to 19.44) 10.87 
  NIE 0.92 (0.91 to 0.93)   
  TE 0.65 (0.60 to 0.70)   
 13 to 16 NDE 0.56 (0.51 to 0.62) 22.49 (22.26 to 22.75) 11.02 
  NIE 0.84 (0.83 to 0.86)   
  TE 0.48 (0.43 to 0.52)   
 17 + NDE 0.59 (0.53 to 0.66) 30.75 (29.89 to 32.02) 15.07 
  NIE 0.79 (077 to 0.81)   
  TE 0.47 (0.42 to 0.52)   
Smoking, 
BMI and PA 
     
 Ref (<9     
 9 to 12 NDE 0.71 (0.65 to 0.77) 20.94 (21.18 to 20.41) 2.27 
  NIE 0.91 (0.89 to 0.93)   
  TE 0.65 (0.60 to 0.70)   
 13 to 16 NDE 0.57 (0.52 to 0.63) 24.94 (25.10 to 24.92) 2.45 
  NIE 0.83 (0.81 to 0.85)   
  TE 0.48 (0.44 to 0.52)   
 17 + NDE 0.59 (0.53 to 0.66) 29.87 (29.56 to 30.44) -0.88 
  NIE 0.79 (0.77 to 0.82)   
    TE 0.47 (0.42 to 0.52)     
NDE= Natural direct effect, NIE= Natural indirect effect, TE= Total effect, ORs= Odd ratios, BMI= Body mass 
index, PA= Physical activity, SRH= self reported health.                                                                                                                         
Education levels= Education in years. 
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3.4.2 Household income as an indicator of socioeconomic status 
The proportion mediated by smoking was 3.78%, 4.15%, 4.43%, and 5.20% for different 
household income level 151000 to 300000, 301000 to 450000, 451000 to 600000 and 
>600000 respectively, adjusted for age and marital status.  
With BMI and smoking in the model, the proportion mediated was 9.97%, 11.38%, 12.96%, 
and 14.62% across different household income levels adjusted for age and marital status. The 
change in proportion accounted for BMI was 6.19%, 7.23%, 8.53%, and 9.42% across 
different household income levels.  
With all three mediators smoking, BMI and physical activity, the proportion mediated was 
21.75%, 21.07%, 19.95% and 21.68% across different household income levels. The change 
in proportion of PA was 11.78%, 9.69%, 7.33% and 7.06% across different household income 
level. The OR for NDE was 0.59 (0.53-0.65), 0.44(0.39 – 0.49), 0.34(0.30-0.38), and 
0.29(0.25-0.33) across different household income levels adjusted for age and marital status. 
OR for NIE was 0.86(0.84-0.88), 0.80(0.78-0.82), 0.76(0.74-0.79) and 0.70(0.68-0.73) across 
different household income levels. OR for TE was 0.51(0.46-0.56), 0.35(0.32-0.40), 
0.26(0.23-0.29) and 0.20(0.17-0.23) across different household income levels. 
Table 7 ORs for NDE, NIE, TE; proportion mediated and change in proportion mediated for different household 
income levels on SRH mediated by lifestyle factors (smoking, BMI and PA) with bootstrap 95% confidence 
interval from the Norwegian Women and Cancer Study. 






Smoking      
 Ref (≤ 150,000)     
 151000-300000 NDE 0.53 (0.47 to 0.58) 3.78 (4.45 to 3.03)  
  NIE 0.97 (0.96 to 0.98)   
  TE 0.51 (0.46 to 0.57)   
 301000-450000 NDE 0.37 (0.33 to 0.42) 4.15 (4.73 to 3.30)  
  NIE 0.95 (0.94 to 0.96)   
  TE 0.36 (0.32 to 0.40)   
 451000-600000 NDE 0.27 (0.24to 0.31) 4.43 (5.10 to 3.66)  
  NIE 0.94 (0.92 to 0.95)   
  TE 0.26 (0.23 to 0.29)   
 600000+ NDE 0.22 (0.19 to 0.25) 5.20 (5.96 to 4.40)  
  NIE 0.92 (0.90 to 0.93)   
  TE 0.20 (0.17 to 0.23)   
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Smoking 
and BMI      
 Ref (≤ 150,000)      
151000-300000 NDE 0.55 (0.49 to 0.61) 9.97 (9.92 to 11.88) 6.19 
  NIE 0.93 (0.92 to 0.95)   
  TE 0.51 (0.46 to 0.57)   
 301000-450000 NDE 0.40 (0.36 to 0.45) 11.38 (10.64 to 11.98) 7.23 
  NIE 0.89 (0.87 to 0.45)   
  TE 0.36 (0.32 to 0.40)   
 451000-600000 NDE 0.31 (0.27 to 0.35) 12.96 (12.09 to 13.17) 8.53 
  NIE 0.84 (0.82 to 0.86)   
  TE 0.26 (0.23 to 0.29)   
 600000+  NIE 0.26 (0.22 to 0.30) 14.62 (14.11 to 15.03) 9.42 
  NIE 0.79 (0.77 to 0.81)   
  TE 0.20 (0.17 to 0.23)   
Smoking, 
BMI and PA 
    
 Ref (≤ 150,000)     
. 151000-300000 NDE 0.59 (0.53 to 0.65) 21.75 (22.25 to 21.10) 11.78 
  NIE 0.86 (0.84 to 0.88)   
  TE 0.51 (0.46 to 0.56)   
 301000-450000 NDE 0.44 (0.39 to 0.49) 21.07 (21.42 to 20.57) 9.69 
  NIE 0.80 (0.78 to 0.82)   
  TE 0.35 (0.32 to 0.40)   
 451000-600000 NDE 0.34 (0.30 to 0.38) 19.95 (20.33 to 19.39) 7.33 
  NIE 0.76 (0.74 to 0.79)   
  TE 0.26 (0.23 to 0.29)   
 600000+ NDE 0.29 (0.25 to 0.33) 21.68 (21.85 to 21.50) 7.06 
  NIE 0.70 (0.68 to 0.73)   
    TE 0.20 (0.17 to 0.23)     
NDE= Natural direct effect, NIE= Natural indirect effect, TE= Total effect, ORs= Odd ratios, BMI= Body mass 
index, PA= Physical activity, SRH= self reported health.                                                                                                                         
Income level = Gross income per household in Norwegian Kroner  
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4 Discussion 
4.1 Summary of main findings 
In this study, the association between SES and SRH and the mediation effect of lifestyle 
factors on the association between SES and SRH were investigated. The main findings 
showed that SES (education and income level) had a prominent and statistically significant 
effect on SRH. Better SRH was observed with a higher income level and higher education. 
For mediation, each lifestyle factor individually and jointly mediated the relationship between 
SES (education and income levels) and SRH significantly with different degrees of the 
proportion of mediation. About 20% of the association between income level and SRH went 
through an indirect path via lifestyle factors, whereas 20%-30% on the model with education. 
Smoking and BMI contributed more to the indirect effect in the model with education, where 
PA contributed relatively less. Whereas in the model with income, PA had the greatest 
contribution, followed by BMI and smoking.  
4.1.1 SES and SRH 
Income level had a prominent effect on SRH in this study. The odds of reporting poor SRH 
were nearly half with a higher household income level compared to the lowest household 
income level. Furthermore, in the highest income level, the odds of poor SRH were lowered 
by 80% compared to the lowest household income level. Higher household income has been 
found to be significantly associated with better SRH in multiple studies (20, 28, 55-57). 
International research, including Norway, showed that higher household equivalent income 
was associated with better SRH in all the countries (57). In a study that assessed social 
inequalities in ill health, more reporting of ill health was observed in lower-income and 
unskilled workers (58). But having poor health is not necessarily equivalent to poor SRH as 
ill-health is the predictor of SRH, and reporting behavior may be different (59). 
The odds of reporting poor SRH with a high level of education compared to the lowest 
education level were about 35% less. With the highest education level, the odds of reporting 
poor SRH were 53% less to the lowest education group. Similar, in a study that assessed self-
rated health in the general Norwegian population, higher education was a significant predictor 
of better SRH (2). A globally representative population-based study by WHO on SRH 
assessment with education also confirms similar findings that higher years of schooling 
relates to better health (60).  Different factors such as age, gender, race/ethnicity are often 
cofounding the relationship between SES and SRH. With age adjustment and only women 
 
Page 26 of 42 
included in the study, it is free of confounding by age and gender. There is no information on 
race/ethnicity in the NOWAC study questionnaire, thus no inference and adjustment could 
account for that specific parameter. For the immigrant population, the perception of health 
and use and access of healthcare may differ, resulting in a different relationship between SES 
and health.  
Many proxies for SES, such as current income, wealth, education, occupation, and composite 
measures, are used in health research. While choosing the most appropriate variable for SES 
measurement, it is dependent on relevance to the population and outcomes under study (61). 
The collection of variable information on NOWAC allows the use of both education and 
income as proxies of SES in a single study.  Although this study does not aim to seek the 
differences in education and income on SRH, household income shows a more prominent 
effect on differentiating across SES. Similar results were observed in a study exploring the 
relative strength of income on health compared to that of other socioeconomic measures; 
income appears to be a better discriminator of health status than education or occupation (55). 
Other studies show that higher education is a stronger predictor of good health than income or 
occupation (62). In the Norwegian context, education and income level are a justified proxy 
of SES, but education is more prevalent as described in the literature trying to quantify 
socioeconomic inequalities (31, 63). A 2019 report on addressing the social inequalities in 
Norway’s population health pointed out that the wage and income differences have increased 
in Norway (64). Whereas looking at educational attainment, there is an increment in the 
number of individuals with higher education, undergraduate level, and graduate-level (65). 
Women’s proportion in attaining graduate-level education increased to a greater extent from 
1980 to 2018 (65). This study also reflects that income is better in reflecting the 
socioeconomic difference in health. Investigating the causal effect of SES on the quality of 
care under a universal health insurance system showed income was a determinant of the 
quality of care received (66). Despite public healthcare in Norway, access to care is often 
affected by SES, people with higher SES opting for private insurance to avoid waiting time to 
receive care.  
4.1.2 Mediation 
The total effect of SES on SRH was similar within different education levels and income 
levels, with BMI and PA, added sequentially into the model with smoking. The proportion of 
mediation by all the lifestyle factors (smoking, BMI, and PA) on the association between 
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income level and SRH was statistically significant and quite similar across different income 
levels.  
A sequential approach was performed to investigate the proportion of mediation through 
different lifestyle factors (smoking, BMI, and PA). Based on the relative 
importance/significance of predictors in studies, smoking, BMI, and PA order were chosen 
for the sequential approach. To the best of our knowledge, this is the first study to quantify 
the proportion of mediation through individual lifestyle factors on the association between 
SES and SRH.  
All three models, first with smoking, second with smoking and BMI, and third the joint model 
with smoking, BMI, and PA have statistically significant estimates for direct, indirect, and 
total effect for both proxies of SES (education and income level). Inspection of direct and 
indirect effect estimates with increasing household income levels with smoking as a mediator 
showed an increasing gradient. An increasing proportion of meditation was observed with 
higher income levels in the model with smoking and BMI as mediators. This increase in 
proportion reflects more of the relationship going through an indirect path; the higher income 
has higher the impact of smoking and BMI on the association between SES and SRH. In 
contrast, with physical activity, the proportion of mediation was highest in the low-income 
group compared to the higher income level. This decrease in the proportion of mediation 
implies the greater extent of the association between SES and SRH acting through a direct 
path with an increase in household income level resulting in a lower proportion of mediation 
with PA. Similarly, in the model with education, a similar pattern of increase and decrease in 
the proportion of mediation was observed across different education levels for all three 
lifestyle factors. 
Smoking and BMI greatly impacted the model with education, where PA contributed 
relatively less. Whereas in the model with income, PA had the greatest contribution, followed 
by BMI and smoking. The impact of smoking being a lifestyle factor meditating the 
association between SES (education) and SRH is justified as the Norwegian public health 
report in 2018 stated smoking was the strongest lifestyle factor with a social difference where 
socioeconomic inequality was analyzed through education(12). 
In the final model with all lifestyle factors as mediators, The Medflex package provided 
adjustment between mediators allowing interaction between the lifestyle factors. Individual 
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lifestyle factors had an impact on mediating the association between SES and SRH. With the 
final model, all lifestyle factors were taken into account; in the model with household income, 
the proportion of mediation across household income was around 20%. In the model with 
education, an increasing gradient of the proportion of mediation was observed 20%-30% with 
increasing education level. There was an increasing gradient in the proportion of mediation 
across increasing education levels in the model with education and lifestyle factors (smoking, 
BMI, and physical activity). Our results were confirmed by a study assessing the mediation 
effect of lifestyle factors on the association between SES and SRH in a Korean population. It 
showed that regular exercise and underweight significantly mediated the relationship between 
income and SRH whereas, smoking, underweight, and obese mediated the association 
between education and SRH on Korean middle-aged and older adults (44). This Korean study 
supports the individual impact of lifestyle factors on mediating the association between SES 
and SRH but fails to provide the overall impact of these lifestyle factors taken together.  
Similar results were observed in the Chinese General Social Survey; lifestyle factors 
significantly mediated International Socio-Economic Index (ISEX) and health where lifestyle 
factors were measured with a 6 item Likert scale rather than differentiating individual lifestyle 
parameters (45). Both studies have a different country and population setting than the 
Norwegian population. While assessing the comparability within the population, macro 
factors such as governance, health insurance, and social capital play a role in differentiating 
SES’s impact on health. Even though the issue of direct comparability of the relationship 
between SES and SRH across the population persists, it supports our results in the direction 
and impact of lifestyle factors on the association between SES and SRH. However, the  
prospective cohort design of this study have a clear advantage over the cross sectional design 
used in both of the studies above. A Finnish study on the influence of behavioral factors on 
the occupational class difference in health showed that behavioral factors depending on the 
material factor(income) were about half of their independent effects, which supports the study 
of this results on lifestyle factors going through income (67). In a British study, the education 
variable was attenuated by 27% with the addition of lifestyle factors while assessing the 
association between SES and SRH (46). In a study to assess socioeconomic inequalities in 
health through lifestyle factors, path analysis showed that higher SES was directly associated 
with better SRH through healthier lifestyle habits in Spain. In addition, SES can affect 
incentives or motivation for healthy behaviors. As paying for tobacco cessation aids, joining 
fitness clubs, and buying more expensive fruits, vegetables, and lean meats comes with 
certain costs and time, trade-offs in low SES groups can be quite challenging. Inspection of 
 
Page 29 of 42 
social determinants of inequalities in self-reported health in Europe from European social 
survey showed in Nordic countries the combination of occupational and behavioral factors 
explained more social inequalities in health instead of living conditions factors (material and 
psychosocial factors) (68). In context to Norway, behavioral factors were more prominent 
factors explaining the social inequalities in general health (68). 
 Smoking is one of the powerful predictors of health. Smoking had a social difference (69, 
70). A study shows maintaining good health practices such as high PA and no smoking are 
associated with positive health (71). A Swedish study exploring health behaviors and SRH 
found that smoking, obesity, and underweight were significantly associated with poor 
SRH(35). Physically active people have lower Coronary Heart Disease (CHD) and CVD 
rates, which leads to better health (37). Apart from lifestyle factors, the impact of SES on 
health may operate through the physical environment in which one lives and works and 
associated exposure to pathogens, carcinogens, and other environmental hazards; the degree 
of access to social resources and supports; socialization and experiences that influence 
psychological development (23). These factors and lifestyle factors (health behaviors) may 
have an individual effect on developing health. Adjustment of these factors would help obtain 
the exact extent of mediation as some pathways may be mutually related. 
The dynamics of the change in the lifestyle factors are quite potent in Norway. Lifetime 
smoking habits of Norwegian men and women born between 1890 and 1994 showed men had 
long and intense exposure to cigarettes. After the 1970s, smoking declined in all cohorts of 
men and women, where women smoking peaked around 20 years later than men in around 
1940-1949(72). Now daily smoking prevalence in the general population is around 9% as per 
statistics Norway with October 2020 estimate (73). Despite the decrease in the proportion of 
smoking across the population, educational inequality was observed in smoking as the 
proportion of smokers in the group who only completed lower secondary education is 24 %, 
but just 5 % in the group who completed tertiary education(12). The proportion of adults with 
overweight/obesity increased significantly from the mid-1960s among men and mid-1985 
among women (12). As BMI  change over time in general with age, in NOWAC, women 
gained weight on an average of 0.5kg/year during a 6year follow-up study, where smoking 
cessation and decreased PA were the significant factors driving the weight gain (74). The 
relationship between smoking cessation and PA with weight change highlights the 
interrelation between different lifestyle factors. Looking at the BMI trend across education 
groups over the last two decades, there is an increase in BMI in all compulsory education, 
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upper secondary education, and tertiary education group (75). In Norway, the proportion of 
overweight and obese individuals is also highest among adults in groups with the lowest 
educational attainment (12). As the present population of Norway has different dynamics in 
the education, income, and lifestyle factors information collected in the study, the results from 
this study would be more generalized to older cohorts as used in the study. Despite the change 
in SES and lifestyle factors, this provides insights on the relationship between SES and SRH 
and lifestyle factors mediating the relationship between SES and SRH. 
4.2 Bias  
 Inspection of variables used in the study, their self-reported nature brings the question of bias 
and validity of the data collected. When self-reported information is collected with proper 
tools, it can provide sufficient and reliable data to study results. In this study, self-reported 
lifestyle factors, socioeconomic measures, and health are of interest.  
4.2.1 Selection bias 
Selection bias occurs when the subjects are entered into a study. Observational, as well as 
cohort studies, are prone to selection bias. Response rate often plays a crucial role in claiming 
the role of selection bias by raising a question is their difference with information from the 
non-responders (76). In NOWAC response rate was around 60% and comparable to other 
population-based studies (54). Response rates may be shaped due to the healthy volunteer 
effect where people with higher education, good health, resulting in higher SES and SRH. 
The cohort profile of NOWAC showed higher educated women participated in NOWAC; a 
higher response rate was observed in northern Norway (54). But it does not necessarily lead 
to selection bias in the exposure-outcome study.  Non-response always creates a black box of 
information yet to be explored.  When accounting for a multivariable study, the missing 
information on several variables can lead to bias if individuals do not respond to each 
question. In this study, complete case analysis was performed, which then lead to the loss of 
some individuals who did not have complete information for the multivariable study. On 
inspection of missing data due to the need of complete case analysis, similar prevalence of 
good and poor SRH was observed (not reported), which does not imply the loss of individuals 
was acceptable, but in general, they were comparable. 
4.2.2 Information bias 
Information bias can occur if any information used in the study is measured or recorded 
inaccurately (76). In a cohort, study exposure is collected prospective to the outcome, as the 
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exposure information may have information bias but not the outcome; the degree of 
misclassification is likely to be the same resulting in non-differential misclassification (76).  
A study conducted to assess the validity of self-reported BMI among NOWAC shows self-
reported weight and height provide valid rankings for BMI as the cumulative distribution 
curves for measured and self-reported values closely followed each other (77). But under-
reporting of weight among the overweight and obese group was observed (77). In general, 
BMI is debated as it is not a true measure as it is derived from measures on height and weight. 
In contrast, other measures, such as body fat or fat distribution, can have a significant 
advantage over general crude BMI (78). Using BMI does not let us capture the role of fat 
distribution in the prediction of medically significant mortality and morbidities (78). We do 
not have any guidelines for the use of specific measures to date, which brings us to a 
relatively more comfortable measure to get information on a large population scale, BMI. 
The nature of question on smoking habits differentiating never, current and former may not 
capture the dose relationship; information on duration (years of smoking) and intensity (packs 
smoked per day) of smoking, i.e., packyears, would be more reliable and convenient in 
establishing the dosage relationship of smoking on health.  
As NOWAC assessed PA as a ten category scale from very low to very high with self-report 
of PA, respondents may have a different perception of the scale. Still, a study conducted on 
assessing criterion validity has demonstrated the NOWAC scale appears to be valid in ranking 
PA in the NOWAC population (79). Information on smoking is not validated in NOWAC but 
a general study in the Norwegian population showed self-reported smoking habits could be 
trusted (80). In addition, the study’s lifestyle factors do not capture the entire spectrum of 
lifestyle factors that are significantly associated with health.  
4.2.3 Confounding 
Confounding is the distortion of the association between exposure and outcome by the third 
variable called confounder; that has to be associated with both exposure and outcome while 
not being in the causal pathway between said exposure and outcome (81). Residual 
confounding occurs when the adjustment for confounding factors is performed inadequately. 
Any unidentified confounder and the known confounder with bias and measurement error 
leave the space for residual confounding (82). Confounding is also a form of bias. Proper 
identification and adjustment of confounders are necessary to have a reliable estimate of the 
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results. In general, age, gender, and race/ethnicity are potential confounders. As the study 
population comprises only females, there cannot be confounding by gender, whereas age is 
adjusted for. As no information on race/ethnicity were available, that could be adjusted for 
apart from that immigrant population may behave in a different manner in perceiving their 
health. As the study could not incorporate the wider dimension of SES by only having 
education and income separately, other SES measures such as occupation may confound the 
relationship. Alcohol use, diet, stress, and sleep, other proven lifestyle factors not being 
accounted for in this study leaves the space for information bias and confounds the 
association between SES and SRH. Drift hypothesis association reflects the influence of 
illness on SES rather than SES on illness, as the baseline population is collected at a point of 
life, functional limitations and chronic conditions are proven to be predictors of SRH, which 
were not accounted for in this study.  
4.3 Methodological considerations 
A systematic review of RCTs using mediation analysis showed relatively low use of the 
counterfactual framework in mediation analysis studies (83). Most of the existing literature on 
mediation analysis uses traditional approaches such as Baron and Kenny’s mediation analysis 
approach, bound by statistical power and only continuous mediator and outcome limitations 
(83). Despite different extensions and processes such as Hayes, we cannot use any categorical 
variable as mediator, outcome, and exposure, which brings to counterfactual’s opportunities 
(53). Incorporating all covariates and adjustment variables in the model will provide sufficient 
condition for the validation of mediation analysis assumptions(53).  However, the lack of 
sensitivity analysis for RCT limits the assessment of assumptions. Incorporating an inbuilt 
sequential approach for mediators remains a major limitation on the package where residual 
plots could be generated. But general goodness of fit for the model with the observational 
study also seems to be needed as the present study could not simply assess the model fit 
estimate just by residual plots and ways of validating the assumptions for mediation analysis, 
which seems to raise a question on the results of the study. Russo et al. discussed inferring 
causality through counterfactuals in observational studies in the epistemological context 
highlighted issues with the counterfactual framework (52). Issues such as the counterfactual 
model measures effects of cause whereas other models concerned instead with causes of 
effects, undermine a sound empirical basis as the counterpart of the cause are not observed, 
complex mechanism and critical assessment of parallelism are discussed as a major issue with 
counterfactuals(52). Despite there are several techniques on mediation analysis, the need for 
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consensus-based planning for the conduct and reporting of mediation analysis was highlighted 
due to heterogeneous reporting of mediation analysis (83).  Nevertheless, the incorporation of 
counterfactuals has enabled to decompose the direct and indirect effect in situations where 
traditional approaches would fail to do so. 
4.4 Strength and weakness 
This study’s major strength lies within a nationally representative cohort, which provides a 
higher degree of statistical power. As most studies are cross-sectional, they are often hindered 
by temporality and reverse causation. A prospective cohort with only good SRH at baseline 
resolves the issue of temporality and prevents reverse causation. Also, validated measures of 
physical activity and BMI adds up to the strength of this study. The use of the counterfactual 
framework provides an advantage over traditional methods existing in the literature on 
calculating the proportion of mediation jointly and the impact of the individual mediators.  
Despite several strengths, this study also possesses some limitations. One of the limitations of 
this study arises from its population as the cohort has only a female population. It is not 
generalizable to the general population and cannot say anything about the male population. 
Also, with the spectrum of lifestyle factors, all potential lifestyle factors that affect health are 
not included. Despite having information on diet and alcohol consumption in the cohort due 
to difficulty in modeling, they were omitted, whereas information on sleep and stress is not 
collected in the cohort. This study can only point out effect estimates of education and 
household income separately as proxies of SES, but not as an overall SES measure. 
Composite measures and life course SES would enable to conclude SES in general. 
Limitations on the methodological aspect, as the package Medflex used in the study, helps to 
generate plots to assess model adequacy, but some tests specific to observational study to 
assess model adequacy and fulfillment of assumptions are missing. Also, selection bias, 
information bias, and residual confounding are also inbuilt weaknesses to observational or 
cohort studies of any kind. As income and education would not capture the entire spectrum of 
SES, interpreting the result from education and income as SES, in general, should be avoided 
rather just state as proxies of SES. One must consider how potential important unmeasured 
SES factors may affect conclusions(84). 
4.5 Conclusion 
Data from NOWAC showed that socioeconomic variables (Education and Household income 
level) had a statistically significant association with SRH. Better education and higher income 
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level were associated with good SRH. Mediation analysis showed each lifestyle factor 
(smoking, BMI, and PA) individually and jointly mediated the association between SES and 
SRH in a statistically significant way. Looking at the proportion of mediation, smoking and 
BMI greatly contributed to the model with education, where PA contributed relatively less. 
Whereas in the model with income, PA had the greatest contribution, followed by BMI and 
smoking. The joint model with all lifestyle factors (smoking, BMI, and PA) showed an 
increasing gradient of the proportion of mediation with education as a proxy of SES with 
range (20%-30%) whereas with household income level as a proxy of SES similar proportion 
of mediation around 20% was observed. Any interventions focusing on improving the healthy 
lifestyle of the population should comprehend the impact of SES. 
4.6 Future recommendation and implications of the study 
Future studies incorporating a composite measure of SES or life course model would help to 
generalize as a whole picture of SES rather than individual proxies of SES, which is more 
prevalent in recent literature. But more issues may arise if the composite measures 
information is collected improperly; confounding plays a bigger role in such cases. A cautious 
approach with these composite measures could add substantial value and missing pictures due 
to individual SES proxy. Furthermore, with a broader range of lifestyle factors, information 
can enable us to have a more reliable estimate. With a better measure of SES and a wider 
array of lifestyle factors, the mediation effect estimate could be achieved close to a true 
estimate within the population. Also, mediation of the association between SES and SRH may 
be operating through other channels as physical environment, social environment, social 
support, and psychological (cognitive, emotional, and social capabilities) development. The 
inclusion of these factors will adjust the extent of mediation if some effects are translated with 
common pathways. 
Despite the value addition that future studies can add to the results, we can have some 
practical implications from this study’s results. This study confirms as supports the existing 
literature on healthy behaviors tends to accumulate with higher SES. A substantial amount of 
the effect of SES on SRH was mediated via lifestyle factors. 
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Appendix 
Appendix 1 
Inclusion flow in the Norwegian Women and Cancer study 
Number of women recruited (black boxes), timing of second (grey boxes) and third 
questionnaire mailings (light boxes) and collection of blood samples within the Norwegian 
Women and Cancer (NOWAC) study according to year of enrolment, age and length of 
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Appendix 2 
The counterfactual framework 
This is a description of the counterfactual framework that provides information on the 
estimation of direct and indirect effects. As the counterfactual framework is relatively used 
less in literature; this information is targeted to understand how counterfactuals provide the 
estimates on statistical grounds. 
Let Yi(x) denote the potential outcome for subject i that had been observed if, possibly 
contrary to the fact, i had been assigned to treatment (or exposure level) x. 
 For a binary exposure (with X = 1 for the exposed and X = 0 for the unexposed), the 
individual-level causal effect can then be expressed by comparing Yi(1) to Yi(0), whereas the 
population average total causal effect can be expressed as E{Y (1) − Y (0)}. Similarly, direct 
and indirect effects have been defined in terms of counterfactual outcomes. For instance, the 
definition of the so-called controlled direct effect reflects the traditional notion of measuring 
the effect of exposure while fixing the mediator M at the same value m for all subjects.  
Using counterfactual notation, this effect can be expressed as CDE(m) = E{Y (1, m) − Y (0, 
m)}, where Y (x, m) denotes the potential outcome that would have been observed under 
exposure level x and mediator value m. That invoked so-called composite or nested 
counterfactuals, Y (x, M(x ∗ )).  
For instance, the (pure) natural direct effect NDE(0) = E{Y (1, M(0)) − Y (0, M(0))} 
expresses the expected exposure-induced change in outcome when keeping the mediator fixed 
at the value that had naturally been observed if unexposed. 
 By considering potential intermediate outcomes M(x ∗ ) rather than a fixed mediator value m, 
these authors offered a 4 Medflex: flexible mediation analysis in R definition of direct effect 
that both allows for natural variation in the mediator and provides a complementary 
operational definition for the indirect effect (which the definition of the controlled direct 
effect does not). That is, under the composition assumption, which states that Y (x, M(x)) = Y 
(x), the difference between the average total effect E{Y (1) − Y (0)} and the (pure) natural 
direct effect yields an expression for the (total) natural indirect effect NIE(1) = E{Y (1, M(1)) 
− Y (1, M(0))}. This reflects the expected difference in outcome if all subjects were exposed 
but their mediator value had changed to the value it would take if unexposed. 
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Total effect of treatment: 
= E [Y (1, (M (1))] – E [Y (0, M (0))] 
= E [Y (1, (M (1))] – E [Y (1, M (0))] + (E [Y (1, M (0))] – E [ Y(0, M(0))]) 
= Natural indirect effect + natural direct effect 
Reference:  
Steen J, Loeys T, Moerkerke B, Vansteelandt S. Medflex: an R package for flexible mediation 
analysis using natural effect models. Journal of Statistical Software. 2017;76(11). 
 
 
 
 
 
 
 
 
 
 
 
